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and 11 inches a t  Oiiiaha, Nehr. On the S2ci there were A 
inches a t  Albany, N. T. ; 20 inches a t  St. Paul. Minn. ; nolie 
a t  Duhuque and Davenliort, Io\\ a ; 15 inches at  La Crossr, 
Wis.; 28 inches a t  Willistoit. N. Dak.;  23 inches a t  Y'nnkton, 
S. Dak.; 7.5 inches a t  Omaha, Nehr. On the 29th the re- 
ported thickness of ice i ~ i  inches was as flJllowS : 

Hiidson Riivr.-Allrany, N. T., S. 
[>ipcr Mishiss ippi  Rirer.--Pt. Paul, IIinn., 20.5 ; La C'roshp, 

Ris., 32 ; Dul)ucliie7 Iowa, 10 ; Davenport, I~JWI, I; : Kwkuk, 
Iowa, 7.5 ; Hannilml, Itlo., 8. 

U p p  r J1i.w u r i Ri rc,r.--W i 11 i s ton, N . 1)ak . , 24 ; B i H ilia rc k, 
N. Dak., 30; Pierre, S. Dak., 2 5 ;  Tankton, S. Dak., 21 ; Sioux 
City, Iowa, 18; (Jiiiaha, Nebr., 1.5; I.iuiisns City, RIo., 6. 

19. 

Grand Haven, RIich., 2. 

Platte Rircr.-North Platte, Xehr., 16. 
Lcclic Supc'/.ic)i..-Dulutll, hIiiiii., 21 ; Hnult Ste. hlarie, Rficli., 

Liikr n~ic.hi!ici)1.--rern Bay, Wis., IS; C'liicago, Ill., 5 ;  

Luke Hic~*o/i.--Alpena, Mich., 4. 
Lnkr Erie.-Toledo, Ohio, 4 ; Sanclnsky, Ohio, 4.5 ; C'leve- 

Luke O)itcrrio.-Oswego, N. Y., 4. 
land, Ohio, 3 ; Erir, Pit., 2.5 ; B~iffdo,  N. Y., 2. 

The following special reports have also been collected : 
dl1egan.u River.-Pittsburg. Pa., 27th to 31st. floating ice. 
f k t r o i f  Rirer. --L)etroit, Micli., 7th and 8th, closed by ice in morning, hut  

SCIUII olietied liy few) IJiiatb. 
Hcitls~u Riwr.--Blbanj, N. Y., lab, fltiating ice; 3d, frozen from shore to 

shorr. 
N i . w i . s v i p p i  ~irer.--I~t iLuqr~e,  Iowa, 8th, frtizen over; l i t h ,  channel partly 

nlwn, hii t  fidl of floating ice; 18th, only a ~ n i n l l  yuiintity of floating ice; 21st, 
I ) l w i i  n t  €C:igle Point, a !'ew mili~s north, and i n  front of this place below the 
h idye ;  231: tlllen from Eayle Ptrint t q  this 1,I:ice; 24th, again frozen. Fort 
hlaili~on, IoH:~, '731. frozen during the night. Hannibal, No., %th, frozen. 
Le ('luire, Iuna,  20th. ice l~rolten uli; 22d, frozen again. 

JIiv.wiiri Rirer.-Hermaiiu, Mo., 8 t h  and loth, floating ice; l l t h ,  gorged; 
24th. heavy floating ice: 25th, frozen. 

Ohio Riwr.--hIatietta, ( )hi t i ,  28th tu ::lht. floating ice. Parkersbiirg. iv. 
Va., %)th to ::lst, riini~ing ice. 
to :;l<t, floating ice. 

\VheeIing, W. Va., 13th, floating ice; 27th ' 

L r &  Erir.--Clevrl:ind, Ohia, 12th. 23th to :<lht, floating ice. 
h k r B  HUrOll.-P(Jrt Huron. hIich., 1st to lzth, %th, 25th, N th ,  and 31st, 

1,ctke Sic)~eriar.--Jiarquette, Mich., 2.jtI1, harbor frozen over. 
Il'ian,nsi,2.-Rl,clii.~~t~.-Rlick River, ice 11 inche\ thiclr. Rock Lake, ice 14 inches 

Hartthril, ire 14 incher thick, the gruunrl friizen 4 inches deep. 
J/rrr/~esoftr . -E~rrl ,  Thief River, at  the end of the month, ice 28 inches 

hlintieapoli~, icf. 22 inches thick uti the lake. hfarfield, ice 30 inches 
Blooniiiig Prairie, ice '7 feet thick rill Cedar River; 

flvating ice; %h, the Blitck River frozen uvrr. 

thick. 

thick. 
thick 1111 Idre:, nnd ponds. 
IVillniar, ice 28 inches thick on lakes. 

- - 
OBSERVATIONS ON THE GREAT LAKES. 

Owing to the closing of iiavigation 011 the Great Lakes 
during the winter season the II'eather Bureau has received 
reports for the inonth of January from 110 vessels a i d  from 
only 10 U. S. Life-Saving stations. 

SURFACE CURRENTF. 

The colleetioii of floating bottles for tlie deterinination 
of currents in necessarily interfered with by the 1)rrwiic:P of 
ice, but the drift of the ice itself shoulcl I N  ncitrd by thc 
interested in this class of ohservntions. A discussion I 

Prof. 11. jr. Harriiigton ( ~ f  the results of thP work do1ii3 I)y 
the Weather Bureau in 1P92 and 1893 has lieen pul~lisliecl in 
an oficial circular, Bulletin B, from \vliich the f i  illowing 
extracts are taken : 

The inve&@ions (if  this tailer relate to the sea.iin (if na\igatiiin and the 
currents that appear. on the maps arr Iiractically the ciirretits of the ciini~uer 
season. I t  is entiiely pussilile that thr currents of the otlirr seasiins wortltl 
show sonie vatiations. 
d. The Lahes all habe an outflou, nnd there muct be a general miition l i t  

the water toward t h i \  outflow; the speed of this body cnrrent is \ V I S  \light. 
E.  The winds ha\e a great effect uti the currents. and the mnst frwlne~it 

winds on the Great 1,altes arr sliiiwn in the ilrolier tables, fro111 aliicli i t  
apl~ears that st) per cent are froni the ciiiith\rest. 22 lier cent fioni the w d .  
14 per ceut froni the uortli\*e\t. 10 Ibei cent friitn the noithe:r\t. 14 )'et c6.11t 
frotu the south, 5 per cent from the suuthesst, :: 11er cent frum the tiortli. imil 
1 per cent from tlie east. The yenrial rewltant u i i i i l  duritig the siiiiiinrr 
months is westerly, but at a few .tations it i \  emtrrly. 

P. The return curwnsi,2.-Rl,cliifa.--It ail1 Iw obwrved t h t ,  i t i  thr paw i i f  t l i i e r  t i t  

the lakes, the main ciirrents hug one shore. In the case of Lahr Sulierior, i t  
is the sontheru shore; in the c:tw of Lake Michigui. it ic  the eastern q h i i l r :  

and in that of Lake Huron, it is the western 4 o r e .  In the i i f  Lxke Erir 
and Lake Ontario thi\ pheno I i loe\ not apliear so philily. This !kitlire 
can be explained IJV the twu of  currents alreiirly nientinned. c ~ i ~ i ~ l i i t i t . i l  

with the lay of the l:ike., ab ~~ ie \ a i I ing  dirvction nf thr uind :mil the 
position of the tiatlet. I n  the c:tw ot LaLe Sulierior the (1 

southern side. In the race of Lake 3Iichig:in the reailirct %icce 
is along the eastern sh(1re. the a c c e s ~  fiom other diiectirin.; 1) 

the grnup iif is1:iniIs new tlie niirtlierii end of the ldie. In the case of Lake 
Huron the oiitlet. is on the westerti side, as :ire d s o  the inlets ut' the lake. 

In any case the drive of the water tiwin rlne end i i f  the lake tn the other 
necessitates inore or less a return current, prwiding the outlet is not SUE- 
ciently hrge to allow this water tu pass thmogh. In the Great Lakes the 
outlets are rel:itively small. so that in d l  these c'ases there must be return 
currents. Siich currents will cumbine with the direct ones to make a large 
general whirl i n  the lake if the latter is sntficiently broad (lakes Superior and 
Hiirun), or lirs across the wind (lakes Huriin and Michigan). If the lake has 
its liriig axis in the ilirection of the wind (lakes Erie and Ontnrio), the return 
currents will h e n k  up into smaller whirls ahrig the great pockets ofthe coast 
uti rit.her side of the general current. Ariiiitiil groups of is~alids a smaller 
return ciirrent. or a iliatinct. swirl, will be set up. All these cases are illus- 
tntetl  i n  the detailed rliscussiun which follows. 
1). b'i(/fwwtion.-A wave which is ni.it h a k i n g  does not. necessarily carry 

fiirward a bndy floating on ita surface. Lot SO soon as it breaks, the surf on the 
crest of the \v:ivr will curry with it, any l ~ ( d y  which halipens to lie fliiatiiig in 
i t .  Thr resiilt of this is t h t  while a L i~ i l y  is outside of the surf it is carried 
C I ~ I  1~y the general drift c~f the water. So SOIJII as it Comes within the surf it 
ailvanccs innre or less rapidly i n  the direction i n  which tlie surf is moving. 
Now, the surf iiccurs getierdly i n  shallow water and seeks the shore. There- 
fiire, the huttle papers will Le found tu have a decideil tenilency shoreward 
whenever they come within its vicinity, and especially so when the water is 
shallow. 'Hiis may be tlie general shore, or it may be the shore of islauds 
w i t h i n  the lalir. Moreover, there is a very curious phen~lnieuon occasionally 
: i ~ i ~ ~ e : i r i t i ~  o t i  the nialbs. which (::in alsn tie :iccounted fibr by this surf motion. 
lh i s  is the letidelicy of the IuJttleS to pass intu deel, ~ J ~ J S  and along their 
length. : i t 111  t o  lie Ioil,rreil rm the shore sotnewliere near the bottom of the bay. 
This is rui~liiiilitrdlg i l i i e  t i i  siir!' mutioil. Groerally spe;iliinp, the waves in 

The hody 
and its tendency will  I J ~  t o  pass 

lie directed i n  thr season of 18!44 
IiIOre esllecidly to the recovery of the I J t i t t l r s  which have been floated but 
nlnt yet fnunrl. It ttppeiirs, :is :tlready statetl, that 1irohalJly not 10 per cent 
of the h J t t 1 W  h:ive Iwrn reciwerell. It will lie cnm1xi 
tlie sIi<ures w i t h  rererence to recovering others, and it  
I iu inlJrr  ( ' a t 1  lie :11liIi~11 tal throw fiirthrr liglit t i t i  the ch:i 
(If the Gre:it Lakes. Piaviyntors lit' tlie I,nkes. tishernien, residents 011 the 
shtirrs:. ;tnil tltlirra wllo have i ~ t ~ i * : i s i i ~ t t  t.o vis i t  the shore are earnestly requested 
tnl tii:ike evrry rfl;irt to recover what bottles are Iyittg there, and t o  return to 
the Wrather Bureau tlie inclosed l~a l~e r .  w i t h  the proIier memoranda. 

, I  

Ii~tig IJ:I~S iiiinve u11 the lxiy, and have more nr less snrf. 
rig on tlietii wil! also uiijve i t 1 1  the 
e entire lengtli of the Imy. or near 

l'lie nt tvr i t i i i i i  of  tlie U'eather Hiirean 

The quantity of sunshine received liy the atmosphere :i1~0ve 
the cloud layer, on any given day or aionth. is  constant from 
year to year, and the hen t attriicling this sunsliine is srusi1)ly 
constant, althougli there are sonie indications of a linrely 

apprrcial~le variation in this lira t associated with the concli- 
ticin of the sun's surface. (011 tlip ntlier hand, a t  the surface 
of  the rartli the distribution of sunshine (and therefore, of 
the resulting heat, ascending currents of air, wi~ids, evapora- 
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tion, the growth of plants, and other important effects) de- 
pends mostly upon the distribution of cloudiness. 

Cloudiness.-The number of clear and cloudy days a d  the 
average cloudiness between sunrise and sunset are given for 
each Weather Bureau station in Table I. These means are 
based upon personal observations niade during the clay suffi- 
ciently often to secure a correct average cloudiness. The coni- 
plements of the estimated percentages give the observer's 
estiriiated duration of sunshine, and these numhers are given 
in the last C'olunin of .Table IV as supplementary to the reg- 
istered duration, in the preceding column. The close accord 
of these numbers, in  most cases, is very satisfactory. 

The occasional large discordance between the monthly sun- 
shine as estimated by the observers and as registered hy the 
instruments shows how impossible it is for personal estirnatrs 
to compete with continuous self-registers. 

Sun~hine.-At the present t i n i v  an instruniental record of 
the amount of sunshine is kept a t  15 statious Ly means of 
the " photographic snnshine recorder," a i d  a t  19 stations a n  
equivalent record is kept Ly nieans of the " therinographic 
sunshine recorder." A description of these instruiiieiits and 
the method of dealing with the recorcl is given 011 a subse- 
quent page. The results of the observations for January, 
1894, are given in Tahle IV. This table shows the actual 
sunshine received, on the average, for any hour of local niean 
time during the month;  i t  is recorded as a percentage of 

the greatest possible amount of sunshine; for instance, the 
sun might possibly always shine during the whole hour end- 
ing at  1 p. ni., whereas, a t  Baltimore, Md., it has, on the 
average, been cloudy 32 per cent of this hour, so that only 
63 per cent of full sunshine has been received. Again, a t  
the time of sunrise, between 7 and S a. in., during January, 
Baltimore records 13 per cent of sunshiiie, which means not 
13 per cent of the thirty-one wholr hours between 7 and 8 2. 
in., but 13 per cent ( ~ f  that portion of these hours during 
which the sun was above the visible horizon of that  station ; 
the rernaining S'i per cent was cut off by clouds and fog. On 
the average both kinds of self-registers agree in giving 5.5 
per cent more sunshine than the personal estimates by the 
observer. 

The stations recording the largest perceiltage of sunshine 
between 11 a. ni. and 1 p. ni. are C'olorado Springs, C'olo., 83.5; 
Denver, C'olo., 52.5 ; I+y IVest. Fln., 81 ; San Diego, Cal., 89; 
Santa FP, N. Rles., 83.5. Those having the least are Cleve- 
land, Ohio, 39 : Portland, Oreg., 23.5; Galveston, Tex., 41.5. 

The nest  to the last column of Table IV gives the general 
average sunshine for the whole month for all hours of day- 
light ; the highest percentages are Sa11 Diego, Cal., 84: Santa 
Fe. N. Ales., 79. The lowest averages are Portland, Oreg., 19; 
C1evelnnd. Ohio, 33; B~if ia l~t ,  N. Y., 3 6 ;  Galveston, Tex., 40. 
The lo\\ average for Portland, Oreg., is, o f  course, in keeping 
with the cluudiness of its rainy season. 

- 

NOTES BY THE EDITOR. 

ELASTIC S U S P E N S l O N  FOR I N S T R U M E N T S .  

Over fifiy years ago Prof. G .  B. Airy, Director of the Royal tJbservator! clt 
Greenwich, desired to establish a shallow dish of mercury so that the pure 
reflecting snrface of the liquid could be used for astronomical ohservations 
without being subject to the annoying tremors that ran o v e r  this surface 
whenever wagons, railroad trains, or even human footsteps jarred the earth 
aroutid the pier on which it stood. He  achieved perfect success I J ~  snspending 
the dish of niercurg by a nnniber of e1ast.k springs. No matter how much 
the pier and, therefore, the upper ends of these springs were jarred, the minute 
vibrations did not run down through the springs to the basin of mercury. but 
were completely broken up on their way. In 18%) the present editor desired 
to support the Richard hrogra ~h on the U. S. S. Peiisacola in such a manner 
that it should be free froni all tile effects of t.he jarring due to tlie engiues and 
screw as well as from tlie eKects of tlie rolling and pitching of the vessel. 
This again was accomplished perfectly I J ~  svtting the instrument on ;I sniall 
shelf that hung suspended by long coiled springs at the four corners. 

The "Washington State Weather Reporter," published by t.lw State Weather 
Service at  Seattle, describes the application of this principle to the siis ren4i)n 
of maxininin and minimum thernionietvrs. Prof. L. P. Venen, I J ~  \ ~ a ~ l o n  
College, is the inventor of this method. which is descri1)erl as !;JIIOWS : A 
rather heavy block of wood is suspended by a thick spiral spring froni the 
ceiling of the ordinary thernioniet~r shelter; one or more el 
stretched from the 1)lock to the sides of the shelter, and thus kerp the block 
from swinging with the wind; the niasiniuni and niinimum and other ther- 
mometers are fmtened on the Idock and can, therefore, receive no violent, 
injurious shock from the outside; they are even safe frotn the slight jars dne 
to the wind or other influences by means of which the indes of the minimum 
thermometer is very apt to slip clown too low. 

Doubtless other applications of this method of elastic suspension will  nccur 
to meteorological observers. Its principle is, of course, tlie same as the appli- 
cation of springs to the axles of carriages and railroad cars, or of rubber tires 
to the wheels of cabs and bicycles. 

THE RELIABILITY O F  T H E  RAIN Lt4UUE. 

In the winter seasun observers frequently report that the wind has IJIOWII 
too severely during a snowstorm to ~ I C J W  of accurate measnrement; hy this 
we are to understand one of two t.hings, either the snow has been drifted so 
mnch that the observer can not make a satisfactory estim:ite of its average 
depth over the country in his neighborhood, or else that lie has observed 
the wind carrying the snow past his gauge to such an extent that he can not 
consider the amount caught i n  his gaiige ai a fair indication of what fell, or of 
what would have been caught if there had been nu wind. This phenomeiion 
of drift and this deficiency in the ratch of the rain gaiige are iuatters that trou- 
ble not only the measnrement of snow but of rainfall un all occasions; the 
rain Oauge is subject to a very appreciable error, which has always the nature 
of atdeficit, and which increases with the strength of the wind and the fine- 

4 

n w z  of the lain. It seem5 n very zinilJe matter to determine the quantity of 
iaintidl by setting a simple cylinoler or a pail or t n l J  out in the open field and 
mrasiiiing the depth of water that id13 therein. But if the gauge is in au 
open place fully exposed to efery nind it will catch Irss rain than if i t  is arti- 
t i c  ially sheltered from the wind while btandiny i n  tlie sanie spot; it, on the 
othvi hand, the gauge is moved tu ii 4irltrred c 'p t ,  i t  is liable to catch an 
rrriinrou< iainfall, sonietimes larger and sometimes smaller, depending on 
the location and heights of the IJuildings that shelter the .;pot. The true 
~noljlem of the nieteurological observer i i  to 11ut his gauge in an open place, 
free from the influence of all buildings and tiees, and yet deterinitie the true 
rainfall at  that spot free from the inHnence of the eddies Ilroduced by the 
wind at  the moiith of his gauge. There is probably no error in the catch 
when it rains during a calm, but if the w i d  is blowing while the rain or snow 
is falling, then the gauge itself acts as an obstacle to the wind; the air that 
H O H S  around it and above it, but close to it, niores fastet than that a foot away 
froin it; the snow fakes and finer particles of water that go into the gauge in 
one eddy cnme out on another. Some means must be devised to break up all 
rrhlies at the niouth of the gauge, or, failing that, we must have some method 
nf aplllying a numerical correction. 

Several instrnniental methods have been adopted for reventin or dimin- 
ishing the wind effect: Firsf, about 1853, or enrlier, Prof! Joseph 5 e n r y  rec- 
omniended tu the Sniithsonian observers a shielded gauge which is him ly an 
ordinarg cyliudrical gauge ha1ing a horizontal, circular plate of tiu 4' or 5 
iiicher wide \oldeied to i t  an inch below the mouth of the gaiige. By this 
means the disturbing eddies are kept priiicipally beneath the flat rim, and, 
therefore, do no harm at the niuutli of the gauge. Second, i n  1878 Prof. 
Nipher, of St. Louis, described his i\wm of ahielded gauge in which the tin 
Illate is replaced h j  an unibellifclrm screen made of wire gaiue; the gauze 
?aficiently breaks up the wind eddies while it gieatly diminishes the spntter- 
ing. Nipher'q experiment showed that gauges at the height of 118 feet above 
the ground caught neaily the saine as those at the  round. Third, in 1885 
Boernztrin de\ ised a protected gauge, which is an orzinary gauge surrounded 
at a didatice of a few feet by a separate fence or screen whose top :nay he a 
little abu\e the tup of the gauge; thib protecting fence, therefore, diminishes 
the Hind at  the mouth of the gauge without intrudncing new and iiijurious 
edc1ic.e. Hoofs of 1,uildings are occasionally built h n t i n g  inwards instead of 
outwards, or sometimes the walls of the buildings rise several feet above 'the 
surface of the roof; in such case? a gaugc laced near the tenter of the roof 
is protected wainst the violence of the win# and catches more than it  would if 
raized a few Teet higher above this protection. Fourth, the so-called pit 
Sange as first used in England; in this method a shallow pit is dug, from 3 to 
1; feet in dintiieter, i n  the midst of an o ,en field, and the gauge is set in the 
center i o  that its niouth shall be on B \eve1 with the surrounding field while 
the 5lJattt.r is diniiiiished in pioportion to the depth of the pit. 

As the wind increases rapidly with the elevation a h e  the ground, there- 
row, gauges placed at  gieat heights will catch less rain 01 snow than those at 
low elevations. The amount of this deficit is known quite accurately from 
many years of observations, a sumwary of which has been published by the 


